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(57) ABSTRACT

A data reception apparatus connected to a data transmission
apparatus via transmission paths includes: error detection
circuits that are each provided for each of the transmission
paths and that each detect an error 1n recerved data that has
been recerved from the data transmission apparatus; storage
circuits that are each provided for each of the transmission
paths and that each store the recerved data and read the

received data at a reported read position at a reported read
timing; a selection circuit that selects one of the transmission
paths according to error detection results provided by the
error detection circuits; and a report circuit that compares
received data stored by a storage circuit corresponding to a
selected transmission path with received data stored by each
of other storage circuits and, according to a comparison
result, reports the read timing and the read position to each
of the storage circuits.
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TRANSMISSION AND RECEPTION SYSTEM,
DATA RECEPTION APPARATUS, AND DATA
RECEPTION METHOD USING PLURAL
TRANSMISION PATHS

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of

priority of the prior Japanese Patent Application No. 2018-
060628, filed on Mar. 27, 2018, the entire contents of which
are 1ncorporated herein by reference.

FIELD

The embodiments discussed herein are related to a trans-
mission and reception system, a data reception apparatus,
and a data reception method.

BACKGROUND

When a serial communication 1s performed between a
transmission circuit and a reception circuit using a plurality
of lanes, the transmission circuit divides data to be trans-
mitted 1nto as many pieces as the number of the lanes and
transmits the pieces to the individual lanes. The reception
circuit reconstructs the data from the pieces received from
the lanes.

A known technique 1s such that delay differences between
frames of a plurality of flows are measured using one circuit
(see, for example, patent document 1). A known method 1s
such that data in a data packet switch 1s forwarded from the
output side of the data packet switch (see, for example,
patent document 2). A known network transfer apparatus has
few wiring regions and enables different redundancy con-
figurations to be achieved (see, for example, patent docu-
ment 3).

Patent document 1: Japanese Laid-open Patent Publica-
tion No. 2015-228541

Patent document 2: Japanese National Publication of
International Patent Application No. 8-510870

Patent document 3: Japanese Laid-open Patent Publica-

tion No. 2004-260368

SUMMARY

According to an aspect of the embodiments, a transmis-
sion and reception system includes a data transmission
apparatus and a data reception apparatus connected to the
data transmission apparatus via a plurality of transmission
paths.

The data reception apparatus includes a plurality of error
detection circuits, a plurality of storage circuits, a selection
circuit, and a report circuit.

Each of the plurality of error detection circuits 1s provided
for each of the plurality of transmission paths and detects an
error 1n received data that has been received from the data
transmission apparatus.

Each of the plurality of storage circuits, which 1s provided
for each of the plurality of transmission paths, stores
received data and reads the received data at a reported read
position at a reported read timing.

The selection circuit selects one of the plurality of trans-
mission paths according to a plurality of error detection
results provided by each of the plurality of error detection
circuits.
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The report circuit compares received data stored by a
storage circuit corresponding to a transmission path selected
by the selection circuit with recerved data stored by each of
the other storage circuits. According to a comparison result,
the report circuit reports the read timing and the read
position to each of the plurality of storage circuits.

The object and advantages of the invention will be
realized and attained by means of the elements and combi-
nations particularly pointed out 1n the claims.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the inven-
tion.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates respective data transmission timings for
a cut-through scheme and a store-and-forward scheme;

FIG. 2 illustrates respective data transmission timings for
a cut-through scheme in a situation without a skew variation
and a situation with a skew variation;

FIG. 3 1s a configuration diagram of a system 1n accor-
dance with embodiments;

FIG. 4 1s a detailed configuration diagram of a transceiver
circuit 1n accordance with embodiments;

FIG. 5 1s a detailed configuration diagram of a builer
circuit 1n accordance with embodiments;

FIG. 6 1s a detailed configuration diagram of a match
circuit 1n accordance with embodiments;

FIG. 7 1s a timing chart for a chip on a reception side with
received data including no errors;

FIG. 8 1s a timing chart for a chip on a reception side with
received data including errors;

FIG. 9 1s a timing chart for a chip on a reception side with
received data including errors;

FIG. 10 illustrates buller circuits of two lanes in accor-
dance with a comparative example;

FIG. 11 1illustrates bufler circuits of two lanes 1n accor-
dance with embodiments;

FIG. 12 1illustrates the configuration of a chip on a
reception side in accordance with a comparative example;

FIG. 13 1illustrates the configuration of a chip on a
reception side in accordance with embodiments; and

FIG. 14 1s a configuration diagram of a system 1n accor-
dance with a comparative example.

DESCRIPTION OF EMBODIMENTS

The following describes embodiments by referring to the
drawings.

A reception circuit stores data received from individual
lanes 1 a plurality of buflers and reads data from the
plurality of buflers while equalizing skews between the
lanes.

Data transier schemes include a store-and-forward
scheme and a cut-through scheme. The store-and-forward
scheme 1s such that packets are aligned and sent to a block
on a subsequent stage when the end of each packet 1is
detected after the beginning of each packet arrives. The
cut-through scheme 1s such that packets start to be aligned
and output to a block on a subsequent stage when the
begimnning of each packet 1s detected. Accordingly, the
cut-through scheme ivolves a latency that 1s smaller than
that 1n the store-and-forward scheme.

When skews between lanes are fixed, a communication
latency can be shortened by performing speculative process-
ing at a particular timing that can be estimated, thereby
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allowing a transfer based on the cut-through scheme (cut-
through transier) to be performed.

However, for example, arriving packets may each have a
different skew. When skews are diflerent like this, 1.e., when
a skew variation 1s present, 1t will be dithicult to perform the
cut-through transfer.

When a skew variation 1s large, 1t 1s diflicult to perform
the cut-through transier in the conventional art. This 1s
because timing estimation would fail, and thus data of
transierred packets would be destroyed, thereby decreasing,
the transier performance. Performing the conventional state
multiplexing in order to prevent a failure of timing estima-
tion will result 1n an especially wide area being needed to
mount an inter-lane synchronization/matching circuit,
thereby causing a problem of a decrease in the performance.

An arrival timing delay and a transmission error cannot be
distinguished. As a result, error propagation 1s not limited,
performance deterioration 1s not limited, and continuous
operations are not ensured (Quality of Service (QoS) 1s not
ensured). Accordingly, 1t would be difhicult to perform a
practical cut-through transter under this condition.

In the conventional circuit structures (physical coding
sublayers (PCSs), alignment circuits, and symbol-lock cir-
cuits, among other things), a small number of lanes are
arranged 1n parallel and a circuit scale 1s relatively small and
thus a skew varnation can be 1gnored. Accordingly, pieces of
data of different lanes independent of each other are merged
in almost no case, and 1t 1s presumed that skews are not
dynamic but static. When packets are aligned at almost fixed
timings, 1.., when a skew variation can be i1gnored, the
positions and timings of packet boundaries (alignment mark-
ers) are almost fixed. Hence, a communication latency can
be shortened by performing speculative processing at a
particular timing that can be estimated. Thus, the cut-
through transfer can be performed.

However, when a skew vanation such as cycle gaps
occurs, alignment between timings 1s not ensured, and 1t will
be diflicult to estimate the position or timing of an alignment
marker. In such a situation, 1f the cut-through function 1s
enabled as 1n the conventional art so as to send packets to a
subsequent stage at a timing that can be estimated, then
format-broken packets could be sent to the subsequent stage
due to skews that may be occasionally changed, thereby
leading to an error. In particular, transierred data 1s dis-
carded. Discarding data leads to a correction such as a
retransmission, and this puts a large penalty on a transier
latency or bandwidth. Accordingly, if a skew variation has
become apparent, 1t would be difhicult to perform the cut-
through control based on a timing estimation as in the
conventional art.

The problem above 1s not easily solved 1n the conven-
tional art because: 1t 1s diflicult to address the determination
of a timing and an error 1n a packet; and although any type
of error could occur, it 1s desirable that a packet processing
timing 1s determined while maintaining a particular QoS. It
1s desirable to consider, for example, a fact that the system
1s prevented from failing due to certain temporary failures
that could occur periodically and a fact that the implemen-
tation of continuous operations 1s preferable to be ensured.

When a skew vanation 1s large, a timing at which align-
ment markers are aligned 1s not determined, 1.¢., no factors
are present to allow a fixed timing to be determined. Hence,
a fixed timing at which packets are sent in a cut-through
manner 1s not obtained. A transmission can be started
basically at a moment at which expected data has been
provided for all lanes, and hence expected-value matching 1s
performed for generally all lanes. This means that the timing,
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1s not fixed but becomes dynamic. The timing betfore the data
1s provided 1s different for each lane, and hence performing
the cut-through control will involve preparing a correspond-
ing butler.

Destroyed data could reach the reception side. If the
destroyed data 1s not properly discarded, data of the
destroyed packet could disrupt the control. The simplest
control 1s reading pieces of data that have arnved at the
individual lanes 1n order of arrival without checking the
content thereof. However, 11 one piece of data 1s destroyed
and lost, incorrect packet combinations will be provided on
the lanes of the reception side, and this condition will be
maintained. Hence, 11 control information 1s not readjusted,
the error will continue eternally, thereby causing the com-
munication path to hang. Accordingly, some kind of match-
ing process 1s desirable to check the content of arriving
packets.

In the conventional art, the size of buflers for aligning the
starts of reception timings and the size of matching circuits
for checking the content of lanes are quite large. This 1s
especially because the matching circuits are directed to the
total matching for all lanes and are provided for all timing
buflers. In decreasing the size of the circuit, simply remov-
ing circuits could result 1n a loss of failure tolerance since 1t
1s not known which lane degenerates by physical damage.

FIG. 1 illustrates respective data transmission timings for
a cut-through scheme and a store-and-forward scheme.

The upper side of the upper portion of FIG. 1 indicates
received data and reception timings for a builer of lane 0,
and the lower side indicates received data and reception
timings for a bufler of lane 1. In FIG. 1, the rightmost data
1s the initial data the bufler has received, and one piece of
data received prior to another piece of data 1s located to the
right of this other piece of data.

The bufler of lane 0 receives and stores four packets
(first-fourth packets) 1n order as received data. The first
packet includes header H, ,, two pieces of data D, and end
data E. The second packet includes header H, 5, two pieces
of data D, and end data E. The third packet includes header
Hoe, three pieces of data D, and end data E. The fourth
packet includes header H,,, one piece of data D, and end
data E.

The bufller of lane 1 receives and stores four packets
(fifth-eighth packets) 1n order as received data. The fifth
packet includes header H, ,, two pieces of data D, and end
data E. The sixth packet includes header H, 5, two pieces of
data D, and end data E. The seventh packet includes header
H, ., three pieces of data D, and end data E. The eighth
packet includes header H, ,,, one piece of data D, and end
data E.

A pair of the first and fifth packets, a pair of the second
and sixth packets, and a pair of the third and seventh packets,
and a pair of the fourth and eighth packets each 1s desired to
be output at the same timing.

The reception timing of the received data of lane 1 has
been delayed by two cycles 1n comparison with the reception
timing of the received data of lane 0.

The maddle portion of FIG. 1 indicates a transmission
timing for the cut-through scheme.

Assume that the cut-through scheme 1s used in the middle
portion of FIG. 1 1n a manner such that pieces of recerved
data of lanes 0 and 1 are output after skews of these pieces
ol data are equalized.

At time t,, the header H , of the first packet 1s judged to
have been received, and at time t,, the header H, , of the fifth
packet 1s judged to have been received. In the cut-through
scheme, at a moment at which the beginnings (headers) of
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the two packets are received, the packets are aligned and
starts to be output to a subsequent stage. Accordingly, at time
t,, received data starts to be output from the bufler of lane
0 in order starting from header H, ,, and received data starts
to be output from the bufler of lane 1 in order starting from

header H, ,.

The lower portion of FIG. 1 indicates a transmission
timing for the stand-and-forward scheme.

Assume that the stand-and-forward scheme 1s used 1n the
lower portion of FIG. 1 1n a manner such that pieces of
received data of lanes 0 and 1 are output after skews of these
pieces ol data are equalized.

At time t,, the end data E of the first packet 1s judged to
have been received, and at time t,, the end data E of the fifth
packet 1s judged to have been received. In the stand-and-
forward scheme, at a moment at which the end data of the
two packets are received, the packets are aligned and starts
to be output to a subsequent stage. Accordingly, at time t,,
received data starts to be output from the bufler of lane 0 1n
order starting from header H, ,, and received data starts to be
output from the builer of lane 1 1n order starting from header
H, ,.

In FIG. 1, the cut-through scheme 1s such that the packets
are output to the subsequent stage three cycles before the
packets are output in the stand-forward scheme, 1.e., the
cut-through scheme has a superior transfer latency. How-
ever, the packets 1n the cut-through scheme are output to the
subsequent stage without checking whether the packets are
destroyed, and hence an error could occur 1n the end. In this
case, an error discarding (nullification) mnstruction could be
given. As the circuit scale becomes larger and the processing
becomes more complicated, there will be a longer time
betore the error discarding 1nstruction 1s given, and hence it
will become more diflicult to stop the propagation of the
error. Sumplitying the processing and reducing the circuit
scale will allow the cut-through scheme to be implemented
more easily.

FIG. 2 illustrates respective data transmission timings for
the cut-through scheme 1n a situation without a skew varia-
tion and a situation with a skew variation.

The upper portion of FIG. 2 indicates received data and
reception timings for a builer of lane 0.

The middle portion of FIG. 2 indicates received data and
reception timings for the bufler of lane 1 for a situation
without a skew variation. The middle portion of FIG. 2
indicates a situation without a skew variation, 1.e., a situation
in which skews are fixed. In the middle portion of FIG. 2, the
reception timing of received data of lane 1 1s delayed by two
cycles in comparison with the reception timing of received
data of lane 0.

Note that the received data of lanes 0 and 1 1n FIG. 2 1s
similar to the received data of lanes 0 and 1 1n FIG. 1.

Assume that under a condition in which the received data
and the reception timing of the bufler of lane 1 are those
indicated 1n the middle portion of FIG. 2, the cut-through
scheme 1s used such that pieces of received data of lanes 0
and 1 are output after the skews of these pieces of data are
equalized.

At time t,, a header H, , of a fifth packet 1s judged to have
been received. Before time t,, a header H, , of a first packet
1s recerved.

In this case, at a moment at which the beginnings (head-
ers) of the two packets are received, the packets are aligned
and starts to be output to a subsequent stage. Accordingly, at
time t,, recerved data starts to be output from the bufler of
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6

lane 0 1n order starting from header H, ,, and received data
starts to be output from the butler of lane 1 1n order starting
from header H, ,.

The lower portion of FIG. 2 indicates received data and
reception timings for the bufler of lane 1 for a situation with
a skew variation. The lower portion of FIG. 2 indicates a
situation with a skew wvarnation, 1.e., a situation 1n which
skews change. In the lower portion of FIG. 2, the reception
timings ol pieces of received data of upper, middle, and
lower lanes 1 are respectively delayed by one, two, and three
cycles 1n comparison with the reception timing of the
received data of lane 0.

When the reception timing of the received data of lane 1
1s delayed by one cycle 1n comparison with the reception
timing of the received data of lane 0, at time t',, a header H,
of a fifth packet 1s judged to have been received. At time t',,
received data starts to be output from the bufler of lane 0 1n
order starting from header H, ,, and received data starts to be

output from the bufler of lane 1 1n order starting from header
H, ,.

When the reception timing of the received data of lane 1
1s delayed by two cycles 1n comparison with the reception
timing of the received data of lane 0, at time t',,, the header
H, , of the fifth packet 1s judged to have been received. At
time t',, recerved data starts to be output from the builer of
lane 0 1n order starting from header H, ,, and received data
starts to be output from the bufler of lane 1 1n order starting,
from header H, ,.

When the reception timing of the received data of lane 1
1s delayed by three cycles 1n comparison with the reception
timing of the received data of lane 0, at time t';, the header
H, , of the fifth packet 1s judged to have been received. At
time t'5, received data starts to be output from the bufller of
lane 0 1n order starting from header H, ,, and received data
starts to be output from the butler of lane 1 in order starting
from header H, ,.

In an environment without a skew variation, although
skews could be generated between lanes, such skews are
fixed. Once skews are determined, almost the same state 1s
maintained. When skews are fixed, the cut-through timing
comes after a certain period of time has elapsed since the
reception timing of data received earlier. For other timings,
the processing may be performed by determining that an
error (arrtval of a destroyed packet) has occurred.

When a skew vanation 1s present, a skew could be
different for each packet arrival.

When a skew varniation i1s present, the number of cycles
between the reception timing of following data of another
lane and the reception timing of data of a lane that arrived
carlier 1s unclear. In the first place, the fact that data has
come does not always mean that the processing can be
performed, and correct data could come just after this.
Hence, it 1s difficult to determine that the outputting can be
started using data that has currently arrived. Thus, when a
skew variation 1s present, a certain amount of data 1s stored
on the reception side, and an optimum piece of data is
selected from the stored data. When a skew variation 1s
present, skews are not aligned in either a bufler or a
concerned bufler. There 1s a problem that in a situation 1n
which timings are different, a timing just after those timings
could be a real read timing, 1.¢., a problem that a read timing
1s dithicult to determine.

FIG. 3 1s a configuration diagram of a system in accor-
dance with embodiments.

A system 101 includes chips 201 and 301. The chips 201

and 301 are circuits, e.g., large-scale integrations (LSIs).
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The chips 201 and 301 are examples of a data transmission
apparatus or data reception apparatus.

The chips 201 and 301 are connected via a plurality of
lanes 401-i (1=0 to 3). The lane 1s an exemplary transmission
path. The chips 201 and 301 transmit/receive data to/from
cach other via a sertal communication using the plurality of
lanes 401-i. When data 1s transmitted from the chip 201 to
the chip 301, the chip 201 generates a plurality of packets by
dividing the data to be transmitted 1into as many pieces as the
number of the lanes and transmits each of the plurality of
generated packets to the chip 301 via a corresponding lane
401-i. When, for example, four packets P, are generated by
dividing certain data, a packet P, 1s transmitted to the chip
301 via a lane 401-i. In particular, each packet 1s transmitted
to the chip 301 via a different lane. The chip 301 reconstructs
the transmitted data from the plurality of received packets.
Similarly, when data 1s transmitted from the chip 301 to the
chup 201, the chip 301 generates a plurality of packets by
dividing the data into as many pieces as the number of the
lanes and transmits each of the plurality of generated packets
to the chip 201 via a corresponding lane 401-i. The chip 201
reconstructs the transmitted data from the plurality of
received packets.

The chip 201 includes lane-specific circuits 211-i, a lane
selection circuit 281, and a match circuit 291.

The lane-specific circuit 211-; includes a transceiver cir-
cuit 221-i/ and a bufler circuit 231-i.

The transceiver circuit 221-i receives a packet from the
chip 301 via a lane 401-i. The transceiver circuit 221-;
transiers the received packet to the bufler circuit 231-;
detects an error in the received packet, and outputs error
information to the lane selection circuit 281. Information
(alarm) from higher-level firmware to be used for the error
information 1s mput to the transceiver circuit 221-i. The
transceiver circuit 221-i transmits a packet to the chip 301
via the lane 401-i.

The buffer circuit 231-i stores received data. In accor-
dance with a control signal received from the match circuit
291, the bufler circuit 231-i reads and outputs data stored
therein to a processing circuit (not illustrated) disposed on a
subsequent stage within the chip 201. Accordingly, pieces of
data with skews aligned are output from lane-specific cir-
cuits 211-i. The bufler circuit 231-; 1s, for example, a first-in
first-out (FIFO) circuit or a random access memory (RAM).
The bufler circuit 231-; 1s an exemplary storage circuit.

In accordance error information received from the trans-
celver circuit 221-i, the lane selection circuit 281 selects any
of the lanes 401-i and outputs a selection signal indicating
the selected lane to the match circuit 291. The lane selection
circuit 281 1s an exemplary selection circuit.

In accordance with entries received from the bufler circuit
231-i and a selection signal received from the lane selection
circuit 281, the match circuit 291 calculates read pointer
values indicating data read positions for the individual bufler
circuits 231-i. The match circuit 291 transmits, to the bufller
circuit 231-i, control information that includes a read timing
and a read pointer value indicating a data read position, the
control information serving as an instruction to read data.
The match circuit 291 1s an exemplary report circuit.

The chip 301 includes lane-specific circuits 311-i, a lane
selection circuit 381, and a match circuit 391. The lane-
specific circuit 311-7 includes a transceiver circuit 321-; and
a bufler circuit 331-i. Functions of the transceiver circuit
321-i, the bufter circuit 331-;, the lane selection circuit 381,
and the match circuit 391 are respectively similar to those of
the transceiver circuit 221-;, the bufter circuit 231-7, the lane
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selection circuit 281, and the match circuit 291, and descrip-
tions thereof are omitted herein.

FIG. 4 15 a detailed configuration diagram of a transceiver
circuit 1n accordance with embodiments.

A transceiver circuit 221-i includes an error detection
circuit 222-i, an error analysis circuit 223-;, a transmission
circuit 224-i, and a lane-selection-information output circuit
225-1.

A packet received by the transceiver circuit 221-i 1s
transferred to the error detection circuit 222-7 and the butfler
circuit 231-i.

The error detection circuit 222-i detects an error in the
received packet and outputs a detection result to the bufler
circuit 231-; and the error analysis circuit 223-i.

The error analysis circuit 223-; performs statistical pro-
cessing of the detection result provided by the error detec-
tion circuit 222-i. For example, the error analysis circuit
223-i may count and save an error detection count at certain
time intervals. For example, the error analysis circuit 223-;
may increment the error detection count within an internal

register and reset the count upon receipt of a reset signal
from an outside. For example, the error analysis circuit 223-;
may output, as an analysis result, an error detection count
provided at certain time intervals to the transmission circuit
224-; and the lane-selection-information output circuit 225-
L.

The transmission circuit 224-; generates a packet that
includes data to be transmitted, an alarm (Send), or an
analysis result provided by the error analysis circuit 223-;
and transmits the packet to the transceiver circuit 321-i of
the chip 301. The data to be transmitted refers to data to be
transmitted to the chip 301. The alarm (Send) refers to
information used to select a lane 401-i to be used by the chip
301 to transmit packets. The alarm (Send) 1s, for example,
information to give an instruction to not use a lane 401-i.
The chip 301 on the transmission side does not use a certain
lane 401-i when, for example, an error detection count
received from the transmission circuit 224-i of the lane 401-;
1s equal to or higher than a threshold. Accordingly, the
occurrence of errors 1n recerved data can be reduced.

The lane-selection-information output circuit 225-;
receives an analysis result provided by the error analysis
circuit 223-i. The lane-selection-information output circuit
225-i may also receive an alarm (Self).

The alarm (Sell) 1s, for example, information indicating
an abnormality 1 the chip 201 or lane 401-i sensed by
higher-level firmware, or information indicating that the
lane 401-i 1s prohibited from being used. The alarm (Self) 1s,
for example, information for giving an instruction to not use
the lane 401-; and indicates an error detection count of a
prescribed value (quite large number).

The lane-selection-information output circuit 225-;i out-
puts error mformation to the lane selection circuit 281 in
accordance with an analysis result and an alarm (Self). The
error information 1s, for example, an error detection count
provided at certain time intervals that 1s indicated by an
analysis result provided by the error analysis circuit 223-i.
The error information 1s also, for example, an error detection
count of a prescribed value indicated by the alarm (Self).
The error information 1s also, for example, the sum of an
error detection count provided at certain time intervals that
1s 1ndicated by an analysis result provided by the error
analysis circuit 223-; and an error detection count indicated
by the alarm (Self).

FIG. 5 1s a detailed configuration diagram of a bufler
circuit 1 accordance with embodiments.
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A bufler circuit 231-i includes a block circuit 232-i and a
read pointer 233-i.

The block circuit 232-i stores packets received from a
transceiver circuit 221-7 1 order of arrival. Upon receipt of
a report of detection of a packet error from an error detection
circuit 222-i as an analysis result, the block circuit 232-;
attaches an error mark to the packet and discards this packet.
The block circuit 232-i detects and outputs a header of a
stored packet to the match circuit 291 as an entry. The entry
has added thereto the position (pointer value) of the header
within the block circuit 232-i. When a plurality of packets
are stored, the block circuit 232-i detects and outputs head-
ers of the individual packets to the match circuit 291 as
entries.

The block circuit 232-i reads a packet 1n accordance with
a read 1nstruction from the match circuit 291 and outputs the
packet to a processing circuit (not illustrated) disposed on a
subsequent stage. The read instruction includes a read timing
and a read pointer value indicating a read position within the
block circuit 232-i.

The read pointer 233-i outputs a read instruction recerved
from the match circuit 291 to the block circuit 232-i.

FIG. 6 1s a detailed configuration diagram of a match
circuit 1n accordance with embodiments.

The match circuit 291 1ncludes a selector 292, a compari-
son circuit 293, and a control circuit 294.

The lane selection circuit 281 receives error information
from each of transceirver circuits 221-i and selects any of the
lanes 401-i according to the error information. More spe-
cifically, the lane selection circuit 281 selects a lane 401-7 of
a transcerver circuit 221-; that has transmitted error infor-
mation indicating the smallest error detection count. Using
the least recently used (LRU) or the round robin, the lane
selection circuit 281 may select any of lanes 401-i of
transceiver circuits 221-; that have transmitted error infor-
mation indicating an error detection count equal to or less
than a threshold. The lane selection circuit 281 outputs
selection information indicating a selected lane 401-i to the
selector 292.

The selector 292 receives selection information from the
lane selection circuit 281 and entries from the individual
bufler circuits 231-i. The selector 292 selects an entry
received from the bufller 231-i of a lane 401-/ indicated by
the selection information from among the received entries
and outputs the selected entry to the comparison circuit 293.
Accordingly, the entry of a lane having the fewest errors in
received packets serves as a main factor in matching per-
formed by the comparison circuit 293.

The comparison circuit 293 receives an entry selected by
the selector 292 and entries from the imdividual bufler
circuits 231-i. The comparison circuit 293 matches (com-
pares) the entry selected by the selector 292 against each of
the entries of the bufler circuits 231-i. The comparison
circuit 293 i1dentifies an entry matching the selected entry
from among the entries of the builer circuits 231-i. An entry
matching the selected entry refers to an entry to be read at
the same timing as the selected entry. For example, a
common 1dentifier may be included in the headers of a
plurality of packets to be read at the same timing. Accord-
ingly, entries to be read at the same timing can be 1dentified
by determining whether entries under matching include the
same 1dentifier as that included 1n the selected entry.

When an entry matching an entry selected from the entries
of the bufler circuits 231-i of all lanes excluding a selected
lane 1s i1dentified, the control circuit 294 outputs, to the
bufler 231-i, a read mstruction that includes a read timing
and a read pointer value indicating the position (read posi-
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tion) of the entry matching the selected entry within the
block circuit 232-i. For example, the control circuit 294 may
determine, as a read timing, a timing a prescribed number of
cycles after the present time.

FIG. 7 1s a timing chart for a chip on a reception side with
received data imncluding no errors. In FIG. 7, the chip 201 1s
a chip on the reception side.

In FIG. 7, IN(L1) indicates data from a lane 401-i input to
a lane-specific circuit 211-i, H indicates a header (begin-
ning), D indicates data (neither beginning nor end), E
indicates end data, and bar (-) indicates that data 1s not
present. Note that one packet includes a header H, one or
more pieces of data D, and end data E.

SR(L1) indicates information on an error in received data
of a lane 401-i. ED indicates an output of an error detection
circuit 222-i, EA 1ndicates an output of an error analysis
circuit 223-i, and LSI indicates an output of a lane-selection-
information output circuit 225-i. In FIG. 7, received data
includes no errors, and hence ED, EA, and LLSI are not active

but are blank.

BF(L1) indicates the bufler circuit 231-; of a lane 401-i. E
indicates writing to a block circuit 232-i. RD indicates
reading based on an 1nstruction from the match circuit 291.

MC indicates the match circuit 291. LS 1indicates selection
information from the lane selection circuit 281. CT indicates
a read instruction (control) from the control circuit 294. In
FI1G. 7, LS 1s “0”, which indicates lane 401-0.

OU'T(all) indicates outputs of all bufler circuits 231-:, and
in FIG. 7, four pieces of data are read in synchronization
with each other at a certain time.

In FI1G. 7, a first packet to be mput to lane-specific circuit
211-0 (H,, D,, D, E,), a first packet to be mput to
lane-specific circuit 211-1 (H,, D,, Dy, E,) and a first packet
to be mput to lane-specific circuit 211-2 (H,, D5, D, E;)
respectively arrive at lane-specific circuits 211-0 to 211-2 at
the same timing. A {irst packet to be mput to lane-specific
circuit 211-3 (H,, D.,, Dy, E, ) arrives at lane-specific circuit
211-3 one cycle after the first packets arrive at lane-specific
circuits 211-0 to 211-2.

A second packet to be 1nput to lane-specific circuit 211-0
(H<, D,, E<) , a second packet to be input to lane-specific
circuit 211-1 (H, D, ,, E), and a second packet to be input
to lane-specific circuit 211-2 (H-, D,,, E-) respectively
arrive at lane-specific circuits 211-0 to 211-2 at the same
timing. A second packet to be input to lane-specific circuit
211-3 (H,, D,,, E,) arrives at lane-specific circuit 211-3 one
cycle after the second packets arrive at lane-specific circuits
211-0 to 211-2.

A third packet to be mput to lane-specific circuit 211-0
(Ho, D,5, D,5, E;) and a third packet to be imput to
lane-specific circuit 211-1 (H,,, D, ., D,«, E,,) respectively
arrive at lane-specific circuits 211-0 and 211-1 at the same
timing.

A third packet to be mput to lane-specific circuit 211-2
(H,,, D,s, D,o, E;;) and a third packet to be mput to
lane-specific circmit 211-3 (H,,, D, D,, E,,) arrive at
lane-specific circuits 211-2 and 211-3 one cycle after the
third packets arrive at lane-specific circuits 211-0 to 211-1.

First packets input to lane-specific circuits 211-i are
preferably read in synchronization with each other from
bufler circuits 231-i. Second packets input to lane-specific
circuits 211-; are preferably read in synchronization with
cach other from bufler circuits 231-i. Third packets input to
lane-specific circuits 211-i are preferably read 1n synchro-
nization with each other from bufler circuits 231-i.

When packets are input to individual lane-specific circuits
211-i, each packet 1s transterred to a bufiler circuit 231-i and
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written to a block circuit 232-i. At time t,, headers H, to H,
are respectively written to block circuits 232-0 to 232-2. At
time t,, header H, 1s written to block circuit 232-3. Headers
H, to H, are input to the match circuit 291 as entries.

At time t,, selection information LS 1s “0”, which 1ndi-
cates lane 401-0, and hence the match circuit 291 selects

header H, as a main factor.

The match circuit 291 identifies headers H, and H, as
entries that match header H,. When header H,, 1s input to the
match circuit 291 one cycle after headers H, to H, are iput,
header H, 1s 1dentified as an entry that matches header H,.
Accordingly, entries (H, to H,) matching the selected entry
(header H,) are identified within the entries of the bufler
circuits 231-; of all lanes excluding the selected lane 401-0.

At time t., the match circuit 291 transmits a read nstruc-
tion CT to each bufler circuit 231-i. The read instruction CT
directed to bufler circuit 231-0 includes the position of
header H, within block circuit 232-0 and a read timing for
header H, (time ts). The read istruction CT directed to
bufter circuit 231-1 includes the position ot header H,, within
block circuit 232-1 and a read timing for header H, (time t,).
The read instruction CT directed to bufler circuit 231-2
includes the position of header H, within block circuit 232-2
and a read timing for header H, (time t;). The read struc-
tion CT directed to bufller circuit 231-3 includes the position
of header H, within block circuit 232-3 and a read timing for
header H, (time t,).

According to the read instruction CT, the bufler circuits
231-i read and output headers H, to H, (=H, _,) at time t,.
Afterward, the bufler circuits 231-; synchronously read and
output pieces of data of the packets that follow headers H,
to H, (D, to D, (=D, ), D; to Dy (=D.), and E, to E,
(ZE4)).

Second packets iput to the lane-specific circuits 211-i are
also written to the block circuits 232-i and undergo entry
matching performed by the match circuit 291 . At time t,,,
headers H- to Hy (=H._;) are read and output {from the bufler
circuits 231-i.

Third packets mput to the lane-specific circuits 211-; are
also written to the block circuits 232-;i and undergo entry
matching performed by the match circuit 291.

The match circuit 291 identifies header H,, as an entry
matching header H,. Third packets input to lane-specific
circuits 211-2 and 211-3 arrive at lane-specific circuits 211-2
and 211-3 one cycle after third packets arrive at lane-specific
circuits 211-0 and 211-1.

When headers H,, and H, , are input to the match circuit
291 one cycle after headers H, and H,, are input, headers
H,, and H,, are identified as entries matching header H,.
Accordingly, entries (H,, to H,,) matching the selected
entry (header H,) are identified within the entries of the
butler circuits 231-i of all lanes excluding the selected lane
401-0.

At time t,;, the match circuit 291 transmits a read
instruction CT to each bufler circuit 231-i. The read nstruc-
tion CT directed to bufller circuit 231-0 includes the position
of header H, within block circuit 232-0 and a read timing for
header Hy (time t,,). The read instruction CT directed to
bufler circuit 231-1 includes the position of header H, |,
within block circuit 232-1 and a read timing for header H,
(time t,,). The read instruction CT directed to bufler circuit
231-2 1includes the position of header H,, within block
circuit 232-2 and a read timing for header H,, (timet,,). The
read struction CT directed to builer circuit 231-3 includes
the position of header H, , within the block circuit 232-3 and
a read timing for header H,, (time t, ).
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According to the read instruction, the bufler circuits 231-;
read and output headers H, to H,, (=H,_,,) at time t, .

FIG. 8 1s a timing chart for a chip on a reception side with
received data including errors. In FIG. 8, the chip 201 1s a
chip on the reception side.

In FIG. 8, IN(L1) indicates data from a lane 401-i input to
a lane-specific circuit 211-i, H indicates a header (begin-
ning), D indicates data (neither head nor end), E indicates
end data, and bar (-) indicates that data 1s not present. Note
that one packet includes a header H, one or more pieces of
data D, and end data E. The data input to the lane-specific
circuits 211-i and the timing of the 1input are similar to those
depicted 1n FIG. 7.

SR(L1) indicates information on an error in received data
of a lane 401-i. ED indicates an output of an error detection
circuit 222-i, EA 1ndicates an output of an error analysis
circuit 223-i, and LSI indicates an output of a lane-selection-
information output circuit 225-i. ED=Er indicates that an
error has been detected. EA=x and LSI=x (X 1s an integer
that 1s O or larger) indicate an error detection count counted
by the error analysis circuit 223-i. An error 1s detected using
a cyclic redundancy check (CRC) that accompanies the end
data E of a packet.

UPDT indicates a reset signal directed to an error analysis
circuit 223-i. Upon receipt of the reset signal, the error
analysis circuit 223-i resets the error detection count that has
been counted, 1.e., sets the count to 0. UPDT=1 indicates that
the reset signal 1s 1n ON state. If the error detection count
was not reset, lanes would be selected using especially old
data (e.g., data that has been accumulated for the past several
months), and this would be inappropriate.

MC 1ndicates the match circuit 291. LS 1ndicates selection
information from the lane selection circuit 281. In FIG. 8,
the 1nitial value of LS 1s “0”, which indicates lane 401-0.

At time t., error detection circuit 222-0 detects an error 1n
a first packet input to lane-specific circuit 211-0 (ED=Er). At
time ts, one 1s added to the error detection count counted by
error analysis circuit 223-0, the output of error analysis
circuit 223-0 1s EA=1, and the output of lane-selection-
information output circuit 225-0 1s LSI=1.

At time t., error detection circuit 222-2 detects an error 1n
a first packet mput to lane-specific circuit 211-2 (ED=Er). At
time t., one 1s added to the error detection count counted by
error analysis circuit 223-2, the output of error analysis
circuit 223-2 1s EA=1, and the output of lane-selection-
information output circuit 225-2 1s LSI=1.

At time t,, error detection circuit 222-1 detects an error 1n
a second packet input to lane-specific circuit 211-1 (ED=Er).
At time t,, one 1s added to the error detection count counted
by error analysis circuit 223-1, the output of error analysis
circuit 223-1 1s EA=1, and the output of lane-selection-
information output circuit 225-1 1s LSI=1.

At time tg, error detection circuit 222-2 detects an error 1in
a second packet mput to lane-specific circuit 211-2 (ED=Er).
At time tg, one 1s added to the error detection count counted
by error analysis circuit 223-2, the output of error analysis
circuit 223-2 1s EA=2, and the output of lane-selection-
information output circuit 225-2 1s LSI=2.

At time t,, the reset signal 1s 1n ON state (UPDT=1). Upon
receipt ol the reset signal, the error analysis circuit 223-i
resets the error detection count that has been counted, 1.e.,
sets the count to 0. Accordingly, at time t,,, the output EA
of the error analysis circuit 223-i and the output LSI of the
lane-selection-information output circuit 225-; are reset, 1.¢.,
set to 0.

At time t,, 1n response to the reset signal being put in ON
state, the lane selection circuit 281 detects the lowest of the
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values of the outputs LSI of lane-selection-information
output circuits 225-0 to 225-3 so as to select a lane associ-
ated with the smallest detection count for errors in received
data. The lowest of the values of the outputs LSI of lane-
selection-information output circuits 225-0 to 225-3 i1s the
output of lane-selection-information output circuit 225-3
(=0).

Accordingly, at time t,,, the lane selection circuit 281
selects lane 401-3, and LS becomes “3”, which indicates
lane 401-3.

At time t, 5, error detection circuit 222-0 detects an error
in a third packet input to lane-specific circuit 211-0 (ED=Er).
At time t, 4, one 1s added to the error detection count counted
by error analysis circuit 223-0, the output of error analysis
circuit 223-0 1s EA=1, and the output of lane-selection-
information output circuit 225-0 1s LSI=1.

FIG. 9 1s a ttiming chart for a chip on a reception side with
received data including errors. In FIG. 9, the chip 201 1s a
chip on the reception side. With reference to FIG. 9, descrip-
tions will be given of matching performed by the match
circuit 291 1n a situation of error detection similar to the
situation depicted in FIG. 8.

In FIG. 9, IN(L1) indicates data from a lane 401-i input to
a lane-specific circuit 211-i, H indicates a header (begin-
ning), D indicates data (neither head nor end), E indicates
end data, and bar (-) indicates that data 1s not present. Note
that one packet includes a header H, one or more pieces of
data D, and end data E. The data input to the lane-specific
circuits 211-; and the timing of the input are similar to those
depicted 1n FIG. 7.

SR (L1) indicates information on an error 1n received data
of a lane 401-i. ED indicates an output of an error detection
circuit 222-i, EA indicates an output of an error analysis
circuit 223-i, and LSI indicates an output of a lane-selection-
information output circuit 225-i. ED=Er indicates that an
error has been detected. EA=x and LSI=x (X 1s an integer
that 1s O or larger) indicate an error detection count counted
by the error analysis circuit 223-i. An error 1s detected using,

a cyclic redundancy check (CRC) that accompanies the end
data E of a packet. The SR(L1) in FIG. 9 1s similar to the

SR(L1) 1n FIG. 8. In FIG. 9, only SR(LL0) 1s indicated, and
SR(LL1) to SR(L3) are omitted.

BF(L1) indicates the butfler circuit 231-; of a lane 401-i. E
indicates writing to a block circuit 232-i. RD 1indicates
reading based on an 1nstruction from the match circuit 291.
MC 1ndicates the match circuit 291. LS indicates selection
information from the lane selection circuit 281.

MC 1ndicates the match circuit 291. LS indicates selection
information from the lane selection circuit 281. CT indicates
a read instruction (control) from the control circuit 294. In
FI1G. 9, the initial value of LS 1s “0”, which i1ndicates lane
401-0.

OUT(all) indicates outputs of all bufler circuits 231-i, and
in FIG. 9, four pieces of data are read in synchronization
with each other at a certain time.

When packets are input to individual lane-specific circuits
211-i, each packet 1s transterred to a bufler circuit 231-; and
written to a block circuit 232-i. At time t,, headers H, to H,
are respectively written to block circuits 232-0 to 232-2. At
time t,, header H, 1s written to block circuit 232-3. Headers
H, to H, are input to the match circuit 291 as entries.

At time t;, selection information LS 1s “0”, which indi-
cates lane 401-0, and hence the match circuit 291 selects
header H, as a main factor.

The match circuit 291 identifies headers H, and H; as
entries that match header H,. When header H,, 1s input to the
match circuit 291 one cycle after headers H, to H, are input,
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header H, 1s identified as an entry that matches header H,.
Accordingly, entries (H, to H,) matching the selected entry
(header H,) are i1dentified within the entries of the builer
circuits 231-; of all lanes excluding the selected lane 401-0.

At time t., the match circuit 291 transmits a read instruc-
tion CT to each builer circuit 231-i. The read nstruction CT
directed to bufler circuit 231-0 includes the position of
header H, within block circuit 232-0 and a read timing for
header H, (time t;). The read instruction CT directed to
bufler circuit 231-1 includes the position of header H, within
block circuit 232-1 and a read timing for header H, (tlme te).
The read instruction CT directed to bufler circuit 231-1
includes the position of header H, within block circuit 232-2
and a read timing for header H, (time t,). The read instruc-
tion CT directed to buller circuit 231-2 includes the position
of header H, within block circuit 232-2 and a read timing for
header H;, (time ts). The read mstruction CT directed to
bufler circuit 231-3 includes the position of header

H_, within block circuit 232-3 and a read timing for header
H, (time t,).

According to the read instruction CT, the bufler circuits
231-i read and output headers H, to H, (=H,_,) at time t,.
Afterward, the buller circuits 231-1 synchronously read and

output pieces of data of the packets that follow headers H,
to H, (D, to D, (=D, _,), D; to Dy (=D.,), and E, to 34
(ZE4).

Second packets mput to the lane-specific circuits 211-i are
also written to the block circuits 232-; and undergo entry
matching performed by the match circuit 291. At time t,,
headers H; to H, (=H._) are read and output from the builer
circuits 231-i.

As 1n FIG. 8, at time t,,, the lane selection circuit 281
selects lane 401-3, and LS becomes “3”, which indicates
lane 401-3.

Third packets input to the lane-specific circuits 211-7 are
also written to the block circuits 232-i and undergo entry
matching performed by the match circuit 291.

At time t;, selection mformation LS 1s “3”, which 1ndi-
cates lane 401-3, and hence the match circuit 291 selects
header H,, as a main factor. In FIG. 7, header H, 1s selected
as a main factor since LS=0. In FIG. 9, header H, , 1s selected
as a main factor since LS=3.

Third packets input to lane-specific circuits 211-2 and
211-3 arrive at lane-specific circuits 211-2 and 211-3 one
cycle after third packets arrive at lane-specific circuits 211-0
and 211-1.

When headers H,, and H, , are input to the match circuit
291 one cycle after headers Hy and H, ; are input, headers H,
to H,, are 1identified as entries matching header H, ,. Accord-
mglyj entries (Hy to H, , ) matching the selected entry (header

H,,) are identified within the entries of the buller circuits
231-i of all lanes excluding the selected lane 401-3.

At time t;;, the match circuit 291 transmits a read
istruction CT to each buller circuit 231-i. The read nstruc-
tion CT directed to buller circuit 231-0 includes the position
of header Hy within block circuit 232-0 and a read timing for
header Hy, (time t,,). The read instruction CT directed to
buffer circuit 231-1 includes the position of header H, |,
within block circuit 232-1 and a read timing for header H,
(time t,,). The read instruction CT directed to bufler circuit
231-2 1includes the position of header H,, within block
circuit 232-2 and a read timing for header H,, (time t,,). The
read instruction CT directed to bufler circuit 231-3 includes
the position of header H,, within block circuit 232-3 and a
read timing for header H,, (time t,,).

According to the read instruction, the bufler circuits 231-;
read and output headers Hy to H,, (=H,_,,) at time t, .
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Next, embodiments for enabling transfers based on the
cut-through scheme in the presence of a skew variation will
be mdicated as comparative examples.

First, an area reduction based on a single lane 1n accor-
dance with embodiments will be indicated.

FIG. 10 illustrates bufler circuits of two lanes in accor-
dance with a comparative example.

Buifler circuit 831-0 stores packets received via lane 0 in
order of arrival. Bufler circuit 831-1 stores packets received
via lane 1 1n order of arrival.

Headers H,, to H,, of packets are detected in bufler
circuit 831-0. Headers H, , to H, ,, of packets are detected 1n
bufler circuit 831-1. In the comparative example, matching,
between header H,, and each of headers H, , to H,, 1s
performed. Matching between header H,; and each of head-
ers H, , to H, , 1s performed. Matching between header H,, -
and each of headers H, , to H,, 1s performed. Matching
between header H,, and each of headers H, , to H, , 1s
performed. When, for example, the matching of headers H ,
and H, , succeeds, buil

er circuits 831-0 and 831-1 respec-
tively output headers H, , and H, , at the same timing.

FIG. 11 illustrates bufler circuits of two lanes 1n accor-
dance with embodiments.

Buifler circuit 231-0 stores packets received via lane 0 in
order of arrival. Bufler circuit 231-1 stores packets received
via lane 1 in order of arrival.

Headers H, , and H,; of packets are detected in bufler
circuit 231-0. Headers H, , and H, , of packets are detected
in builer circuit 231-1. In embodiments, matching between
header H, , and each of headers H, , and H, , 1s performed.
Matching between header H,» and each of headers H, , and
H,; 1s performed. When, for example, the matching of
headers H,, and H, , succeeds, bufler circuits 231-0 and
231-1 respectively output headers H, , and H, , at the same
timing.

In a situation 1 which a recerved packet includes an error
in the presence of a skew variation, the bufler circuit 1n
embodiments has a smaller capacity for data storage (bufler
s1ze) than in the comparative example. This 1s because the
builer size depends on a packet length and a skew-ensuring,
value. In a situation in which both packets 1n the bufler
circuits of two lanes for which matching 1s performed have
a likelihood of having been destroyed, in the comparative
example, not only bufler stages of the skew-ensuring stage
number but also extra buller stages for correcting a failure
of the own lane are provided to conceal the fact that the
packets 1n the own lane have been destroyed. This 1s because
a specified skew-ensuring value 1s not externally ensured. In
embodiments, by contrast, it 1s ensured that data in the
packet portion of a lane used as a main factor in matching,
include no errors, and hence extra buller stages do not need
to be provided, unlike in in the comparative example.

Embodiments allow a buller size to be decreased so that
the circuit scale can be decreased.

FIG. 12 1illustrates the configuration of a chip on a
reception side 1n accordance with a comparative example.

The chip on the reception side 1n accordance with the
comparative example includes lane-specific circuits 811-i.
The lane-specific circuit 811-i processes data recerved from
a lane 1.

The lane-specific circuit 811-7 includes a bufler circuit
831-; and a match circuit 841-i.

The bufler circuit 831-i stores packets received via a lane
1 1n order of arrival.

The match circuit 841-i performs matching of data
received from the bufler circuit 831-i and reports a read
position and a read timing to the bufler circuit 831-i. The
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bufler circuit 831-i outputs data in accordance with the
reported read position and read timing.

FIG. 13 1illustrates the configuration of a chip on a
reception side 1n accordance with embodiments.

The chip on the reception side includes lane-specific
circuits 211-;, the lane selection circuit 281, and the match
circuit 291.

The lane-specific circuit 211-i includes a transceiver cir-
cuit (not illustrated in FIG. 13) and a bufler circuit 231-i.

The processing operations performed by the lance-spe-
cific circuit 211-i, the lane selection circuit 281, and the
match circuit 291 have already been described hereinbefore
by referring to FIGS. 3-9, and descriptions thereol are
omitted herein.

FIG. 13 1s an explanatory diagram for salient features of
embodiments 1n terms of lanes being combined into a
plurality of groups. In a structure such as that in the
comparative example of FIG. 12, in which lanes are inde-
pendent of each other, matching 1s performed for every
possible pair of lanes, and then outputs are determined by
performing arbitration. In embodiments, a match circuit 291
1s not provided for each individual lane-specific circuit
211-i, but only one match circuit 291 1s provided to decrease
the number of times matching 1s performed, thereby decreas-
ing the circuit scale and the amount of wiring. In addition,
the match circuit 291 determines a lane to serve as a main
factor for matching and couples the selected lane bus to a
bus that serves as a main factor for matching. Selecting a bus
to serve as a main factor for matching allows the number of
patterns matching in parallel to be decreased and allows the
arbitration circuit on a subsequent stage to be removed. In
the independence structure, when the buil

er circuit of each
lane 1ncludes X entries and the number of lanes 1s N, the
number of times matching 1s performed 1s ,C, (=N (N-1)/2)
in the comparative example, and 1n embodiments, the num-
ber times matching 1s performed 1s N-1, 1.e., a far smaller
number than that in the comparative example.

As depicted 1in FIGS. 10-13, embodiments provide
improvement for each single lane and for the entirety of a
lane set. In embodiments, the builer amount of each indi-
vidual lane 1s decreased by, for example, 20% to 50%, and
the total amount 1s decreased by the amount of the decrease
in the buffer amount of a single lane multiplied by the
number of lanes. In addition, 1n the comparative example,
matching is performed X**(N(N-1)/2)*N times for the
entirety ol a lane set. In embodiments, by contrast, the
number of times matching 1s performed may be XE*(N -1).
Note that the matching 1s performed with a bus width of B
(bits).

In embodiments, the number of match circuits 1s one so
that the circuit scale can be decreased.

FIG. 14 1s a configuration diagram of a system 1n accor-
dance with a comparative example.

A system 601 includes a transmission apparatus 701 and
a reception apparatus 801. The transmission apparatus 701
and the reception apparatus 801 are circuits, e.g., large-scale
integrations (LSIs).

The transmission apparatus 701 and the reception appa-
ratus 801 are connected via a plurality of lanes 901-i.

The transmission apparatus 701 includes transmission
circuits 711-i.

The transmission apparatus 701 transmits data via a serial
communication using a plurality of lanes 901-i. When data
1s transmitted from the transmission apparatus 701 to the
reception apparatus 801, the transmission apparatus 701
generates a plurality of packets by dividing the data to be
transmitted into as many pieces as the number of the lanes,
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and the transmission circuits 711-; each transmit each of the
plurality of generated packets to the reception apparatus 801
via a corresponding lane 901-i.

The reception apparatus 801 reconstructs the original
transmitted data by combining the packets received via the
individual lanes 901-i. The reception apparatus 801 includes
lane-specific circuits 811-i. The lane-specific circuit 811-;
includes a reception circuit 821-i, a butler circuit 831-7, and
a match circuit 841. The functions of the reception circuit
821-i, the bufter circuit 831-i, and the match circuit 841 have
already been described hereinbetore by referring to FI1G. 12,
and descriptions thereol are omitted herein.

A high-speed serial transfer 1s used for a communication
between the transmission apparatus 701 and the reception
apparatus 801, and packets of individual lanes are trans-
terred independently of each other. Hence, even when the
transmission circuits 711-i output packets concurrently to all
lanes, the packets are often received at different timings. The
differences 1n timing between lanes are varied with time.
Especially in an environment with a skew vanation, the
skew difference 1s large. In a structure such as the system
601 of the comparative example, in which lanes are inde-
pendent of each other, matching i1s performed using buses
across lanes that link the match circuits 841-i. According to
a matching result based on the bases and arbitration, packets
are read from bufler circuits 811-;, and ultimate data 1s
obtained.

In the comparative example, a transier can be performed
according to the cut-through scheme 1n the presence of a
skew variation. In the comparative example, however, as
many match circuits as the number of lanes are installed.
This increases the circuit area, and 1t would be dithicult to
actually achieve (1mplement) such a configuration, 1n con-
sideration of the circuit implementation.

To decrease the circuit scale, the system in accordance
with embodiments 1s not mounted with a plurality of circuits
capable of handling errors that would be fixedly provided for
all lanes but includes one circuit for handling errors that can
be dynamically allocated. In the dynamic allocating, only
one circuit 1s provided, unlike in the conventional art, in
which N circuits are fixedly provided, 1.¢., the circuit amount
1s decreased in the embodiments. In the conventional art,
circuits for handling multiple failures are incorporated; 1n
embodiments, by contrast, one circuit for correcting errors 1n
lanes 1s mounted (mutual lane failures are not corrected) to
decrease the circuit amount of each individual lane. In this
way, the circuit amount 1s decreased by decreasing the
number of circuits and the circuit scale for each individual
lane. Under a condition in which appropriate dynamic
allocation 1s performed (dynamic allocation 1s not directed
to faulty lanes, and matching between faulty lanes does not
occur), embodiments provide sutlicient failure tolerance.

In embodiments, an opposite-shore flow 1s used to per-
form appropriate dynamic allocation while avoiding por-
tions 1n which an error has occurred. An error lane 1s
identified and reported to an opposite shore, and allocation
1s performed without designating the error lane as a main
factor for matching. Accordingly, even though the circuit
scale 1s decreased, the preconditions for providing suflicient
failure tolerance are satisfied. In the opposite-shore flow,
both an error detection on an opposite shore and an error
detection on the own shore are deemed as significant infor-
mation and used for determinations 1n a lane selection. In
some cases, only one of the error detections 1s used after all.

Even 1n a case where there are a plurality of errors, when
at least one normal lane 1s present, the preconditions are
satisfied by selecting this lane as a main factor. When all
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lanes are faulty, such a problem could be solved 1n theory by
using the conventional scheme; however, the problem 1s
difficult to solve aiter all because almost no communications
can be performed as errors often happen 1n all lanes. In such
a case, the parts would have already been replaced under
normal circumstances.

Embodiments allow eflective power-saving operations to
be performed. In accordance with embodiments, lanes can
operate 1ndependently of each other, and even when the
lanes have differences 1n clock phase therebetween, the lanes
can operate. Using a clock for each of the lanes, the
operation of the lanes can be started or stopped online
(system operations are not stopped). In particular, with
regard to the stopping of operations, in the conventional art,
a difference between clock phases that produces a huge skew
between lanes 1s not allowed, and hence stopping a lane
merely aflects the data iput/output circuit and does not go
as far as to stop a clock. Embodiments allow a clock for a
lane to be stopped so that power consumption can be
decreased. Super computers and large-scale data systems
rarely use the entirety of a network bandwidth thereot, and
hence the function of dynamically online stopping or restart-
ing each lane as 1n embodiments will be effective.

In the system 1n accordance with embodiments, when a
skew changes, 1.e., when a skew vanation 1s present, a
cut-through transfer can be performed.

In the system in accordance with embodiments, builer
s1zes can be decreased so that the circuit scale can be
decreased.

The system 1n accordance with embodiments include only
one match circuit so that the circuit scale can be decreased.

In embodiments, it takes about 80 to 90 ns to perform a
transier between chips (1 hop) (it takes about 200 to 330 ns
to perform such a transfer in the conventional art), and
continuous stable operations such as gradual performance
degeneration can be achieved without an occurrence of
hanging even 1n the case of a failure occurrence or degen-
eration.

All examples and conditional language provided herein
are intended for the pedagogical purposes of aiding the
reader 1n understanding the invention and the concepts
contributed by the inventor to further the art, and are not to
be construed as limitations to such specifically recited
examples and conditions, nor does the organization of such
examples 1n the specification relate to a showing of the
superiority and inferiority of the mnvention. Although one or
more embodiments of the present invention have been
described 1n detail, it should be understood that the various
changes, substitutions, and alterations could be made hereto
without departing from the spirit and scope of the invention.

What 1s claimed 1s:

1. A transmission and reception system comprising:

a data transmission apparatus; and

a data reception apparatus connected to the data trans-

mission apparatus via a plurality of transmission paths,

wherein

the data reception apparatus includes

a plurality of error detection circuits each provided for
cach of the plurality of transmission paths and con-
figured to each detect an error 1n received data that
has been received from the data transmission appa-
ratus,

a plurality of storage circuits each provided for each of
the plurality of transmission paths and configured to
cach store the received data and read the received
data at a reported read position at a reported read
timing,
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a selection circuit configured to select one of the
plurality of transmission paths according to a plu-
rality of error detection results each provided by each
of the plurality of error detection circuits, and

a report circuit configured to compare received data
stored by a storage circuit corresponding to a trans-
mission path selected by the selection circuit with
recerved data stored by each of other storage circuits
and, according to a comparison result, report the read
timing and the read position to each of the plurality
of storage circuits.

2. The transmission and reception system of claim 1,
wherein

the selection circuit selects a transmission path having a
smallest error detection count from among the plurality
of transmission paths.

3. The transmission and reception system of claim 1,

wherein

the reception apparatus transmits, for each of the plurality
ol transmission paths, an error detection result to the
data transmaission apparatus.

4. The transmission and reception system of claim 1,

wherein

the report circuit performs a comparison by using a packet
header of the recerved data stored by each of the
plurality of storage circuits.

5. A data reception apparatus connected to a data trans-
mission apparatus via a plurality of transmission paths, the
data reception apparatus comprising:

a plurality of error detection circuits each provided for
cach of the plurality of transmission paths and config-
ured to each detect an error in received data that has
been received from the data transmission apparatus;

a plurality of storage circuits each provided for each of the
plurality of transmission paths and configured to each
store the received data and read the received data at a
reported read position at a reported read timing;;

a selection circuit configured to select one of the plurality
of transmission paths according to a plurality of error
detection results each provided by each of the plurality
of error detection circuits; and

a report circuit configured to compare received data stored
by a storage circuit corresponding to a transmission
path selected by the selection circuit with received data
stored by each of other storage circuits and, according,
to a comparison result, report the read timing and the
read position to each of the plurality of storage circuits.

6. The data reception apparatus of claim 3, wherein

the selection circuit selects a transmission path having a
smallest error detection count from among the plurality
of transmission paths.
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7. The data reception apparatus of claim 5, wherein

the data reception apparatus transmits, for each of the
plurality of transmission paths, an error detection result
to the data transmission apparatus.

8. The data reception apparatus of claim 5, wherein

the report circuit performs a comparison by using a packet

header of the received data stored by each of the
plurality of storage circuits.

9. A data reception method for a data reception apparatus
connected to a data transmission apparatus via a plurality of
transmission paths, the data reception method comprising:

detecting, by each of a plurality of error detection circuits

of the data reception apparatus, an error in received
data that has been received from the data transmission
apparatus, each of the plurality of error detection cir-
cuits being provided for each of the plurality of trans-
mission paths;

selecting, by a selection circuit of the data reception

apparatus, one of the plurality of transmission paths
according to a plurality of error detection results each
provided by each of the plurality of error detection
circuits;

comparing, by a report circuit of the data reception

apparatus, received data stored by a storage circuit
corresponding to a transmission path selected by the
selection circuit with received data stored by each of
other storage circuits;

reporting, by the report circuit, a read timing and a read

position to each of the plurality of storage circuits
according to a comparison result; and

reading, by a plurality of storage circuits of the data

reception apparatus, received data at the reported read
position at the reported read timing, the plurality of
storage circuits each being provided for each of the
plurality of transmission paths and each storing the
received data.

10. The data reception method of claim 9, wherein

the selecting one of the plurality of transmission paths

selects a transmission path having a smallest error
detection count from among the plurality of transmis-
sion paths.

11. The data reception method of claim 9, further com-
prising:

transmitting, for each of the plurality of transmission

paths, an error detection result to the data transmission
apparatus.

12. The data reception method of claim 9, wherein

the comparing the received data performs a comparison

by using a packet header of the received data stored by
cach of the plurality of storage circuits.
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